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(57) ABSTRACT

A method of manufacturing a semiconductor device accord-
ing to an embodiment includes forming a first interlayer film
on a first layer, the first mterlayer film containing a {first
molecule and a second molecule, and the first molecule and
the second molecule being chemically bonded with each
other. The method of manufacturing a semiconductor device
includes phase-separating the first interlayer film. The
method of manufacturing a semiconductor device includes
forming a second layer on the phase-separated first inter-
layer film. The first molecule has a first athnity with the first
layer and a second aflimity with the second layer, the first
allinity being larger than the second aflinity. The second
molecule has a third aflinity with the second layer and a
fourth athmty with the first layer, the third afhinity being

larger than the fourth afhnity.
9 Claims, 12 Drawing Sheets
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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION D

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2014-1835304, filed on Sep. 11, 2014, the entire contents of

: : : 10
which are incorporated herein by reference.

BACKGROUND

Field
15

Embodiments described herein relate generally to a o

method of manufacturing a semiconductor device, and a
semiconductor device.

20
Background Art

In an imprint lithography process, 11 the adhesive between
a resist and a substrate 1s mnadequate, a part of the resist
adhering to a mold may be chipped ofl when the resist once
cured 1s peeled ofl the mold.

According to a conventional method, an organic material
that 1s easily chemically bonded with the resist 1s used as an
adhesive film that bonds the resist and the substrate with
cach other. According to the method, materials that are
casily bonded with each other are selected as the adhesive
film and the resist.

In the imprint lithography process, however, many pattern
defects of the resist are caused by inadequate adhesion

between the adhesive film and the substrate (layer) to be
processed.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s cross-sectional views showing an example of 40
steps 1n a method of manufacturing a semiconductor device
according to a first embodiment;

FIG. 2 1s cross-sectional views showing an example of
steps 1n a method of manufacturing a semiconductor device
according to a first embodiment;

FIG. 3 1s a top view (A) and a cross-sectional view (B)
that show the step shown in FIG. 1(C) 1n a case where an
adhesive film 1s phase-separated 1n a cylindrical structure;

FIG. 4 1s a top view (A) and a cross-sectional view (B)
that show the step shown 1n FIG. 1(C) 1n a case where the
adhesive film 1s phase-separated 1n a lamellar structure;

FIG. 5 1s a cross-sectional view showing an example of a
step after the adhesive film i1s phase-separated 1n a case
where the adhesive film 1s made of a higher order block
copolymer;

FIG. 6 1s cross-sectional views showing an example of
steps of the method of manufacturing a semiconductor
device according to the second embodiment;

FIG. 7 1s cross-sectional views showing an example of
steps of the method of manufacturing a semiconductor 60
device according to the second embodiment;

FIG. 8 1s cross-sectional views showing an example of
steps of the method of manufacturing a semiconductor
device according to the third embodiment;

FIG. 9 1s cross-sectional views showing an example of 65
steps of the method of manufacturing a semiconductor

device according to the third embodiment;
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FIG. 10 1s cross-sectional views showing an example of
steps of the method of manufacturing a semiconductor
device according to the fourth embodiment;

FIG. 11 1s cross-sectional views showing an example of
steps of the method of manufacturing a semiconductor
device according to the fourth embodiment; and

FIG. 12 1s a cross-sectional view showing an example of
a step after the adhesive film 1s phase-separated in a case
where the adhesive film 1s made of a higher order block
copolymer.

DETAILED DESCRIPTION

A method of manufacturing a semiconductor device
according to an embodiment includes forming a first inter-
layer film on a first layer, the first interlayer film containing
a first molecule and a second molecule, and the first mol-
ecule and the second molecule being chemically bonded
with each other. The method of manufacturing a semicon-
ductor device includes phase-separating the first interlayer
film. The method of manufacturing a semiconductor device
includes forming a second layer on the phase-separated first
interlayer film. The first molecule has a first athinity with the
first layer and a second aflinity with the second layer, the first
allinity being larger than the second afhinity. The second

molecule has a third aflinity with the second layer and a
fourth athmty with the first layer, the third afhinity being
larger than the fourth afhinity.

In the following, embodiments will be described with
reference to the drawings.

First Embodiment

FIGS. 1 and 2 are cross-sectional views showing an
example of steps in a method of manufacturing a semicon-
ductor device according to a first embodiment. FIG. 3 15 a
top view (A) and a cross-sectional view (B) that show the
step shown 1n FIG. 1(C) 1n a case where an adhesive film 1s
phase-separated 1n a cylindrical structure. FIG. 4 1s a top
view (A) and a cross-sectional view (B) that show the step
shown 1n FIG. 1(C) 1n a case where the adhesive film 1s
phase-separated 1n a lamellar structure.

First, as shown in FIG. 1(A), a first layer 2 1s formed on
a substrate 1.

The first layer 2 1s a spin-on-glass (SOG) film, for
example. In this case, the first layer 2 1s formed (deposited)
on the substrate by spin coating.

The substrate 1 1s made of a glass such as quartz glass,
soda lime glass or borosilicate glass, a semiconductor such
as silicon, silicon oxide, silicon mitride, gallium arsenide or
gallium nitride, or a metal such as chromium, tantalum,
aluminum, nickel, titanium, copper, 1ron, cobalt, tin, beryl-
lium, gold, silver, platinum, palladium or amalgam, for
example. The substrate 1 may have a desired pattern struc-
ture formed thereon, such as micro-wiring used for a semi-
conductor, a display or the like, a photonic crystal structure,
a light waveguide, or an optical structure such as holo-
graphic structure.

The first layer 2 may not be made of a glass film such as
the SOG film described above and can also be made of a
semiconductor such as silicon, silicon oxide, silicon nitride,
gallium arsenide or gallium nitride, a metal such as chro-
mium, tantalum, aluminum, nickel, titanium, copper, 1ron,
cobalt, tin, beryllium, gold, silver, platinum, palladium or
amalgam or an organic polymer, or made of a low-dielectric
film such as a Cu diffusion barrier film.
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As shown 1n FIG. 1(B), an adhesive film (interlayer film)
3 1s then formed (deposited) on the first layer 2 by spin
coating, for example. The adhesive film 3 may be formed by
vacuum deposition, chemical deposition, sputtering, spin
coating, immersion coating, dipping or other process.

The adhesive film 3 15 a self-assembly material 1n which
molecules are aligned with each other when a phase sepa-
ration occurs. For example, the adhesive film 3 1s made of
a diblock copolymer that 1s one of directed self-assembly
(DSA) matenials, which contains a first molecule and a
second molecule, which are chemically bonded to each
other.

Among other diblock copolymers, polystyrene-polymeth-
ylmethacrylate (PS-PMMA) 1s selected, for example. In this
case, the first molecule 1s polystyrene, and the second
molecule 1s polymethylmethacrylate.

The adhesive film 3 15 not limited to the diblock copoly-
mer described above and can be any block copolymer that 1s
a macromolecule formed by a plurality of kinds of polymers
bonded to each other. The block copolymer may be made of
two, three or more kinds of polymers. Such polymers
include polystyrene-polymethylmethacrylate (PS-PMMA),
polystyrene-polyisoprene (PS-PI), polystyrene-polybutadi-
ene (PS-PBD), polystytene-polyvynilpyridine (PS-PVP),
polystyrene-polyethylene oxide (PS-PEO), polystyrene-
polyethylene (PS-PE), polystyrene-organosilicate (PS-
POS), polystyrene-polyferrocenyldimethylsilane (PS-PEFS),
polyethylene oxide-polyisoprene (PEO-PI), polyethylene
oxide-polybutadiene (PEO-PBD), polyethylene oxide-
polymethylmethacrylate  (PEO-PMMA), polyethylene
oxide-polyethylethylene (PEO-PEE), polybutadiene-poly-
vynilpyridine (PBD-PVD), polyisoprene-polymethylmeth-
acrylate (PI-b-PMMA), polystyrene-polydimethylsiloxane
(PS-PDMS), polystyrene-polysilsesquioxane (PS-PSSQ),
polystyrene-polylactide (PS-PLA) and polylactide-silicone
block copolymer (PLA-PDMS-PLA).

The block copolymer 1s preferably a combination of a
plurality of kinds of polymers that are not compatible with
cach other. Such polymers may be polymers having a
constitutional unit derived from a monomer having an
aromatic ring. The monomer having an aromatic ring may be
a monomer having a group formed by removing one hydro-
gen atom from an aromatic hydrocarbon ring such as a
phenyl group, a biphenyl group, a fluorenyl group, a naph-
thyl group, an anthryl group or a phenanthryl group, or a
heteroaryl group formed by replacing some of the carbon
atoms of a ring of such a group with hetero atoms such as
oxygen atoms, sulfur atoms or nitrogen atoms.

The block copolymer may be a block copolymer formed
by bonding a polymer having a constitutional unit derived
from a monitor having an aromatic ring and a polymer
having (meth) acrylic ester as a constitutional unit, or a
block copolymer formed by bonding a polymer having a
constituent unit derived from a monitor having an aromatic
ring and a polymer having siloxane or a derivative thereof as
a constitutional unit, for example. Among others, the block
copolymer 1s preferably a block copolymer formed by
bonding a polymer having styrene or a dernivative thereot as
a constitutional unit and a polymer having (meth) acrylic
ester as a constitutional unit, or a block copolymer formed
by bonding a polymer having styrene or a derivative thereof
as a constitutional unit and a polymer having siloxane or a
derivative thereof as a constitutional unait.

Alternatively, the block copolymer may be a block copo-
lymer of a fluorocarbon resin or a liquid crystal material.

As shown i FIG. 1(C), the adhesive film 3 1s then

phase-separated in a cylindrical (columnar) structure (FIG.
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3). For example, the adhesive film 3 1s phase-separated into
a pattern 3aq (first molecule) and a pattern 35 (second
molecule) by a heating processing.

By changing the composition ratio or the like of the block
copolymer of the adhesive film 3, the adhesive film 3 may
be phase-separated in a lamellar pattern (FIG. 4).

As shown 1n FIG. 2(A), a second layer 4 1s then formed
on the phase-separated adhesive film 3. The second layer 4
1s a resist layer, for example. The resist layer can be made
of a photo-setting, thermosetting or thermoplastic resin
material, for example.

As the first molecule of the adhesive film (diblock copo-
lymer) 3 described above, a molecule that has an athnity (is
larger than the atlinity with the second layer 4) with the first
layer 2 1s selected. As the second molecule of the adhesive
film 3, a molecule that has an affinity (is larger than the
alhinity with the first layer 2) with the second layer 4 1s
selected. A lower part of the pattern 3a (first molecule) and
the pattern 35 (second molecule) of the phase-separated
adhesive film 3 1s 1n contact with an upper surface of the first
layer 2, and an upper part of the pattern 3a (first molecule)
and the pattern 35 (second molecule) 1s 1n contact with a
lower surface of the second layer 4.

In this case, the lower part of the pattern 3a (first
molecule) of the adhesive film 3 1s chemically bonded with
at least the first layer 2, and the upper part of the pattern 35
(second molecule) 1s chemically bonded with at least the
second layer 4. Furthermore, the pattern 3a (first molecule)
and the pattern 35 (second molecule) are chemically bonded
with each other.

As shown 1n FIG. 2(B), a patterned surface 56 of a mold
5, on which a pattern 5q 1s formed, 1s brought into contact
with (pressed against) an upper surface 46 of the second
layer 4, thereby transierring the pattern of the mold 5 onto
the upper surface 45 of the second layer 4.

As described above, the manufacturing method according
to the present invention can be applied to an imprint lithog-
raphy process to form a fine resist pattern on the second
layer (resist layer) 4.

With the patterned surface 56 with the pattern 3a of the
mold 5 formed thereon being kept in contact with the upper
surface 456 of the second layer 4, the second layer 4 1s then
cured.

For example, when the second layer 1s made of a photo-
setting resin material, the curing process can be achieved by
irradiating the second layer with light from the side of the
mold 5. When the second layer 4 1s made of a thermosetting
resin material, the thermosetting process can be performed
on the second layer 4 while the mold 5 1s being pressed
against the second layer 4. When the second layer 4 1s made
of a thermoplastic resin material, the second layer 4 can be
cured by letting the second layer 4 cool or cooling the
second layer 4 while the mold 5 1s being pressed against the
second layer 4.

As shown 1n FIG. 2(C), the patterned surface 55 of the
mold 5 1s then peeled off the upper surface 456 of the cured
second layer 4 having a transierred pattern 4a.

As described above, a molecule that has an aflinity with
the first layer 2 1s selected as the first molecule of the
adhesive film 3, and a molecule that has an aflinity with the
second layer 4 1s selected as the second molecule of the
adhesive film 3. In addition, the first molecule and the
second molecule of the adhesive film 3 are chemically
bonded with each other. The term “afhnmty” refers to a
characteristic that no repulsion occurs, and does not neces-
sarily involve a chemical bond. The adhesive strength can be
increased by selecting the materials having an atlinity with
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cach other as described above and taking advantage of an
anchor eflect of the geometrical irregulanities or the like.

In this way, the adhesion between the second layer (resist
layer, for example) 4 and the adhesive film 3 1s improved,
and the adhesion between the substrate 1 (first layer 2) and
the adhesive film 3 1s improved.

That 1s, 1n the step of peeling the mold 5 off the cured
second layer 4, the second layer 4 1s firmly secured to the
substrate 1 (first layer 2) by the adhesive film 3, so that the
pattern 4a adhering to the mold 5 1s prevented from being
chipped off when the mold 5 1s peeled off, and the pattern 4a
can be formed on the second layer 4 with high precision.

After that, using the second layer 4 with the transferred
pattern 4a as a mask, the first layer 2 1s etched. In this way,
a predetermined pattern 1s formed on the first layer 2.

The adhesive film 3 may be a triblock or higher order
block copolymer. FIG. 5 1s a cross-sectional view showing,
an example ol a step after the adhesive film 1s phase-
separated in a case where the adhesive film 1s made of a
higher order block copolymer.

As shown 1n FIG. 5, the adhesive film 3 1s made of a

triblock copolymer that 1s a DSA material, which contains a
plurality of kinds of molecules (a first molecule 3a, a second
molecule 35 and a third molecule 3¢), and the plurality of
kinds of molecules 3a, 356 and 3¢ are chemically bonded
with each other.

Any of the plurality of kinds of molecules (first, second
and third molecules 3a, 356 and 3c¢) 1s a molecule having an
allinity (1s larger than the athnity with the second layer 4)
with the first layer 2, and any of the plurality of kinds of
molecules (first, second and third molecules 3a, 35 and 3¢)
1s a molecule having an athinity (Is larger than the aflinity
with the first layer 2) with the second layer 4.

In this case, again, the adhesion between the second layer
(resist layer, for example) 4 and the adhesive film 3 can be
improved, and the adhesion between the substrate 1 (first
layer 2) and the adhesive film 3 can be improved.

As described above, the method of manufacturing a
semiconductor device according to the first embodiment can
increase the strength of adhesion between the substrate and
the adhesive film.

Second Embodiment

A second embodiment will be described with regard to an
example of the method of manufacturing a semiconductor
device that increases the adhesion between the substrate
(first layer) and the second layer by using the adhesive film
and an additional adhesive film.

FIGS. 6 and 7 are cross-sectional views showing an
example of steps of the method of manufacturing a semi-
conductor device according to the second embodiment. In
FIGS. 6 and 7, the same reference numerals as those in
FIGS. 1 and 2 denote the same components as those in the
first embodiment.

First, as 1n the first embodiment, 1n the steps shown in
FIGS. 1(A) to 1(C), the first layer 2 1s formed on the
substrate 1, the adhesive film (interlayer film) 3 1s formed on
the first layer 2, and the adhesive film 3 1s phase-separated
in a cylindrical structure (FIG. 3) or a lamellar structure
(FIG. 4).

As shown 1n FIG. 6(A), the pattern 35 (second molecule)
1s then selectively removed from the phase-separated adhe-
sive 11lm 3. For example, the second molecule 1s selectively
removed from the phase-separated adhesive film 3 by wet
etching the second molecule of the adhesive film 3.
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As shown 1n FIG. 6(B), an adhesive film (Interlayer film)
6 1s then formed on the adhesive film 3 from which the
second molecule 35 has been removed (that 1s, the adhesive
f1lm 3 on which only the pattern 3a (first molecule) remains)
by spin coating, for example, 1n such a manner that the
adhesive film 6 sufliciently covers the pattern 3a of the
adhesive film 3. The adhesive film 6 1s made of an adhesive,
for example.

As shown 1n FIG. 6(C), the second layer 4 1s then formed
on the adhesive film 6.

As shown 1 FIG. 7(A), the patterned surface 56 of the
mold 5, on which the pattern 5q 1s formed, 1s brought into
contact with (pressed against) the upper surtace 45 of the
second layer 4, thereby transferring the pattern of the mold
5 onto the upper surface 45 of the second layer 4.

With the patterned surface 56 with the pattern 5a of the
mold 5 formed thereon being kept 1n contact with the upper
surface 4b of the second layer 4, the second layer 4 1s then
cured.

As shown 1n FIG. 7(B), the patterned surface 55 of the
mold 5 1s then peeled off the upper surface 45 of the cured
second layer 4 having the transferred pattern 4a.

A molecule that has an athnity (1s larger than the aflinity
with the second layer 4) with the first layer 2 1s selected as
the first molecule of the adhesive film (diblock copolymer)
3 described above. In addition, as the adhesive film 6, an
adhesive film that has an aflinity (1s larger than the aflinity
with the first layer 2) with the pattern 3aq (first molecule) of
the adhesive film 3 and the second layer 4 1s selected. More
preferably, an adhesive film that further has an aflinity with
the first layer 2 1s selected as the adhesive film 6.

The lower part of the pattern 3a (first molecule) of the
phase-separated adhesive film 3 1s in contact with the upper
surface of the first layer 2. In addition, an upper part and a
side surface of the pattern 3a and a part of the upper surface
of the first layer 2 are in contact with the adhesive film 6.

In this case, the lower part of the pattern 3a (first
molecule) of the adhesive film 3 1s chemically bonded with
the first layer 2. In addition, the upper part and the side
surface of the pattern 3a and the above-described part of the
upper surface of the first layer 2 are chemically bonded with
the adhesive film 6. In addition, an upper part of the adhesive
film 6 and the second layer 4 are chemically bonded with
cach other.

In this way, the adhesion between the adhesive film 6
bonded with the second layer 4 and the adhesive film 3 1s
improved, and the adhesion between the substrate 1 (first
layer 2) and the adhesive film 3 and adhesive film 6 1is
improved.

That 1s, as 1n the first embodiment, 1n the step of peeling
the mold 5 ofl the cured second layer 4, the second layer 4
1s firmly secured to the substrate 1 (first layer 2) by the
adhesive film 3, so that the pattern 4a adhering to the mold
5 1s prevented from being chipped off when the mold 5 1s
peeled ofl, and the pattern 4a of the second layer 4 can be
formed with high precision.

After that, using the second layer 4 with the transferred
pattern 4a as a mask, the first layer 2 1s etched. In this way,
a predetermined pattern 1s formed on the first layer 2.

As 1n the first embodiment, the adhesive film 3 may be a
triblock or higher order block copolymer.

As described above, the method of manufacturing a
semiconductor device according to the second embodiment
can increase the strength of adhesion between the substrate

and the adhesive film.

Third Embodiment

A third embodiment will be described with regard to an
example of the method of manufacturing a semiconductor
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device that increases the adhesion between the substrate
(first layer) and the second layer by using an additional
adhesive film.

FIGS. 8 and 9 are cross-sectional views showing an
example of steps of the method of manufacturing a semi-
conductor device according to the third embodiment. In
FIGS. 8 and 9, the same reference numerals as those in
FIGS. 6 and 7 denote the same components as those 1n the
second embodiment.

First, as in the first embodiment, in the steps shown in
FIGS. 1(A) to 1(C), the first layer 2 1s formed on the
substrate 1, the adhesive film 3 1s formed on the first layer
2, and the adhesive film 3 1s phase-separated 1n a cylindrical
structure (FIG. 3) or a lamellar structure (FIG. 4).

As shown 1n FIG. 8(A), the pattern 35 (second molecule)
1s then selectively removed from the phase-separated adhe-
sive 11lm 3. For example, the second molecule 1s selectively
removed from the phase-separated adhesive film 3 by wet
ctching the second molecule of the adhesive film 3.

Using the adhesive film from which the second molecule
has been removed as a mask, the upper surface of the first
layer 2 1s etched (by dry etching, such as reactive 1on etching
(RIE), for example). After the etching of the upper surface
of the first layer 2, as shown 1n FIG. 8(B), the adhesive film
3 (pattern 3a) 1s removed.

After the adhesive film 3 1s removed, as shown 1n FIG.
8(C), an adhesive film 7 1s formed on the etched first layer
2 by spin coating, for example. The adhesive film 7 1s made
of an adhesive, for example.

As shown 1n FIG. 9(A), the second layer 4 1s then formed
on the adhesive film 7.

As shown 1 FIG. 9(B), the patterned surface 556 of the
mold 5, on which the pattern 5q 1s formed, 1s brought into
contact with (pressed against) the upper surface 46 of the
second layer 4, thereby transferring the pattern of the mold
5 onto the upper surface 46 of the second layer 4.

With the patterned surface 56 with the pattern 3a of the
mold 5 formed thereon being kept in contact with the upper
surface 4b of the second layer 4, the second layer 4 1s then
cured.

As shown 1n FIG. 9(C), the patterned surface 36 of the
mold 5 1s then peeled off the upper surface 456 of the cured
second layer 4 having the transferred pattern 4a.

Since a line pattern 2a (geometrical irregularities) 1s
formed on the first layer 2 as described above, the area of
adhesion between the first layer 2 and the adhesive film 7 1s
increased. Therefore, the adhesion between the first layer 2
(substrate 1) and the adhesive film 7 1s improved. That 1s, the
adhesion of the adhesive film 7 1s improved.

In this way, the adhesion between the adhesive film 7
bonded with the second layer 4 and the adhesive film 3 1s
improved, and the adhesion between the substrate (first layer
2) and the adhesive films 3 and 7 1s improved.

That 1s, as 1n the first embodiment, in the step of peeling
the mold 35 off the cured second layer 4, the second layer 4
1s firmly secured to the substrate 1 (first layer 2) by the
adhesive film 7, so that the pattern 4a adhering to the mold
5 1s prevented from being chipped off when the mold 5 1s
peeled ofl, and the pattern 4a of the second layer 4 can be
formed with high precision.

After that, using the second layer 4 with the transferred
pattern 4a as a mask, the first layer 2 1s etched. In this way,
a predetermined pattern 1s formed on the first layer 2.

That 1s, the method of manufacturing a semiconductor
device according to the third embodiment can increase the
strength of adhesion between the substrate and the adhesive

film.

10

15

20

25

30

35

40

45

50

55

60

65

8

The method of manufacturing a semiconductor device
according to this embodiment can be applied not only to a
lithography process but also a semiconductor lamination
process.

Fourth Embodiment

A Tourth embodiment will be described with regard to an
example of the method of manufacturing a semiconductor
device that increases the adhesion between the substrate
(first layer) and the second layer by using an additional
adhesive film.

FIGS. 10 and 11 are cross-sectional views showing an
example of steps of the method of manufacturing a semi-
conductor device according to the fourth embodiment. In
FIGS. 10 and 11, the same reference numerals as those 1n
FIGS. 1 and 2 denote the same components as those 1n the
first embodiment.

First, as shown 1n FIG. 10(A), the first layer 2 1s formed
on the substrate 1.

As shown i FIG. 10(B), the adhesive film 3 1s then
formed (deposited) on the first layer 2 by spin coating, for

example.

As shown i FIG. 10(C), the adhesive film 3 1s then
phase-separated. For example, the adhesive film 3 1s phase-
separated by a heating processing.

In this embodiment, 1n particular, the adhesive film 3 1s
phase-separated so that the pattern 3aq (first molecule) 1s
positioned on the side of the first layer 2 and bonded with the
upper surface of the first layer 2, and the pattern 36 (second
molecule) 1s positioned on the side of the second layer 4 and
bonded with the lower surface of the second layer 4. That 1s,
the adhesive film 3 1s phase-separated in a direction parallel
to the upper surface of the first layer 2 (substrate 1).

In this case, the lower part of the pattern 3a (first
molecule) of the adhesive film 3 1s chemically bonded with
the first layer 2, and the upper part of the pattern 35 (second
molecule) 1s chemically bonded with the second layer 4. In
addition, the pattern 3a (first molecule) and the pattern 35
(second molecule) are chemically bonded with each other.
These chemical bonds increase the adhesion between the
second layer 4 and the adhesive film 3 and the adhesion

between the substrate 1 (first layer 2) and the adhesive film
3

As shown in FIG. 11(A), the second layer 4 1s then formed
on the phase-separated adhesive film 3.

As shown 1n FIG. 11(B), the patterned surface 36 of the
mold 5, on which the pattern 5q 1s formed, 1s brought into
contact with (pressed against) the upper surface 46 of the
second layer 4, thereby transferring the pattern of the mold
5 onto the upper surface 45 of the second layer 4.

With the patterned surface 5b with the pattern 5a of the
mold 5 formed thereon being kept in contact with the upper
surface 456 of the second layer 4, the second layer 4 1s then
cured.

As shown 1n FIG. 11(C), the patterned surtace 5b of the
mold 5 1s then peeled off the upper surface 456 of the cured
second layer 4 having the transferred pattern 4a.

Thus, as described above, the adhesion between the
second layer 4 and the adhesive film 3 1s improved, and the
adhesion between the substrate 1 (first layer 2) and the
adhesive film 3 1s improved.

That 1s, as 1n the first embodiment, 1n the step of peeling
the mold 5 off the cured second layer 4, the second layer 4
1s firmly secured to the substrate 1 (first layer 2) by the
adhesive film 7, so that the pattern 4a adhering to the mold




US 10,153,174 B2

9

5 1s prevented from being chipped ofl when the mold 5 1s
peeled ofl, and the pattern da of the second layer 4 can be
formed wﬂ;h high precision.

After that, using the second layer 4 with the transferred
pattern 4a as a mask, the first layer 2 1s etched. In this way,
a predetermined pattern 1s formed on the first layer 2.

The adhesive film 3 may be a triblock or higher order
block copolymer. FIG. 12 1s a cross-sectional view showing,
an example of a step after the adhesive film 1s phase-
separated 1 a case where the adhesive film 1s made of a
higher order block copolymer.

As shown 1n FIG. 12, the adhesive film 3 1s made of a
triblock copolymer that 1s a DSA material, which contains a
plurality of kinds of molecules (a first molecule 3a, a second
molecule 35 and a third molecule 3¢), and the plurality of
kinds of molecules 3a, 35 and 3¢ are chemically bonded
with each other.

Any of the plurality of kinds of molecules (first, second
and third molecules 3a, 356 and 3c¢) 1s a molecule having an
allinity (1s larger than the athnity with the second layer 4)
with the first layer 2, and any of the plurality of kinds of
molecules (first, second and third molecules 3a, 35 and 3¢)
1s a molecule having an afhinity (is larger than the aflinity
with the first layer 2) with the second layer 4.

In the example shown in FIG. 12, of the plurality of kinds
of molecules (first, second and third molecules 3a, 35 and
3c¢), the first molecule 3a has an athinity (1s larger than the
aihinity with the second layer 4) with the first layer 2, and the
second molecule 35 has an athimity (1s larger than the afhinity
with the first layer 2) with the second layer 4.

In this case, again, the adhesion between the second layer
(resist layer, for example) 4 and the adhesive film 3 can be
improved, and the adhesion between the substrate 1 (first
layer 2) and the adhesive film 3 can be improved.

That 1s, the method of manufacturing a semiconductor
device according to the fourth embodiment can increase the
strength of adhesion between the substrate and the adhesive
f1lm.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein
may be embodied 1n a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the methods and systems described herein may be made
without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What 1s claimed 1s:
1. A method of manufacturing a semiconductor device,
comprising;

forming a first mnterlayer film on a first layer as an
adhesive film, the first interlayer film containing a first
molecule and a second molecule, and the first molecule
and the second molecule being chemically bonded with
each other;
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phase-separating the first interlayer film, 1n which the first
molecule and the second molecule are aligned with
each other;

forming a second layer on the phase-separated first inter-
layer film;

contacting a patterned surface of a mold to transier the
pattern of the mold onto an upper surface of the second
layer;

peeling the patterned surface of the mold off the upper
surface of the second layer having the pattern trans-
ferred thereon; and

ctching the first layer by only using the second layer as a
mask,

wherein the first molecule has a first aflinity with the first
layer and a second aflinity with the second layer and 1s
chemically bonded with an upper surface of the first
layer, the first afhinity being larger than the second

aflinity, and

the second molecule has a third athnity with the second
layer and a fourth athmity with the first layer and 1s
chemically bonded with a lower surface of the second
layer, the third athinity being larger than the fourth

aflinity.

2. The method of manufacturing a semiconductor device
according to claim 1, wherein the second layer 1s formed on
the phase-separated ﬁrst interlayer film after phase-separat-
ing the first interlayer film by heating the first interlayer film.

3. The method of manufacturing a semiconductor device
according to claim 2, wherein the first interlayer film 1s
phase-separated 1n a lamellar structure or a cylindrical
structure by heating the first interlayer film.

4. The method of manufacturing a semiconductor device
according to claim 3, wherein the first molecule 1s positioned
on the side of the first layer and the second molecule 1s
positioned on the side of the second layer.

5. The method of manufacturing a semiconductor device
according to claim 3, wherein the contacting of the patterned
surface 1ncludes:

bringing the patterned surface of the mold, on which the

pattern 1s formed, into contact with the upper surface of
the second layer to transfer the pattern of the mold onto
the upper surface of the second layer; and

curing the second layer.

6. The method of manufacturing a semiconductor device
according to claim 1, wherein the first interlayer film 1s a
self-assembly material 1n which molecules are aligned with
cach other when a phase separation occurs.

7. The method of manufacturing a semiconductor device
according to claim 6, wherein the first interlayer film 1s made
of a diblock copolymer.

8. The method of manufacturing a semiconductor device
according to claim 7, wherein the diblock copolymer is
polystyrene-polymethylmethacrylate, the first molecule 1s
polystyrene, and the second molecule 1s polymethylmeth-
acrylate.

9. The method of manufacturing a semiconductor device
according to claim 3, wherein the second layer 1s a resist
layer.
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